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Abstract 
 Hydronomic works (rivers and streams arrangement works) have as target the dissuasion of control of torrent 
effects (disintegration, erosion, sliding, crumbling etc), the stabilization of stream sides and the providing of flood 
protection. Additionally hydronomic works in downgraded hydrologic basins and river sides, except of the provided 
protection, contribute to the formation and evolution of along stream environments. For these reasons, hydronomic 
works, by nature, constitute significant protection-environmental works. This leads to their exclusion from the need 
for approval of environmental permissions. Hydronomic works and river restoration techniques are referred to a 
large variety of ecological, physical, spatial and management measures and practices. These are aimed at restoring 
the natural state and functioning of a natural system in support of biodiversity, recreation, flood safety and landscape 
development.  By restoring natural conditions, hydronomic works improves the resilience of the river systems and 
provides the framework for the sustainable multifunctional use of estuaries, rivers and streams. Hydronomic works 
are an integral part of sustainable water management and is in direct support of the aims of the Water Framework 
Directive, and national and regional water management policies. In the present study the level of incorporation and 
the contribution of hydronomic works in natural environment is evaluated for the case of Greece. 
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1. Introduction 
River restoration techniques are important actions for each country for the protection of human and natural 
environment (USDA, 2008). Especially in Greece, which is a country predominantly mountainous, almost bare of 
vegetation, with heavy rains, a large number of torrential phenomena are causing serious damages to the 
mountainous and to lowland areas in cultural works, in urban areas, in people, animals, etc. Hydronomic works and 
river restoration techniques are referred to a large variety of ecological, physical, spatial and management measures 
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and practices. These are aimed at restoring the natural state and functioning of a natural system in support of 
biodiversity, recreation, flood safety and landscape development.  By restoring natural conditions, hydronomic 
works improves the resilience of the river systems and provides the framework for the sustainable multifunctional 
use of estuaries, rivers and streams. Hydronomic works are an integral part of sustainable water management and is 
in direct support of the aims of the Water Framework Directive, and national and regional water management 
policies (Gkanatsios, et. al., 2012). Riverine wetlands in a natural setting are part of a dynamic self-sustaining 
stream corridor. The stream corridor consists of a stream channel, flood plain wetlands, flood plain nonwetlands, 
and flood plain vegetation which form a stable system in dynamic equilibrium (Varras, et. al., 2006). These riverine 
systems serve to reduce flood peak discharges, absorb and nutrients cycle, transport and/or cycle sediment, and 
provide habitat for wetland plant and animals. Vegetative plant communities change spatially and temporally in 
response to the inputs of water and sediment supplied by the stream system.  
2. Characteristics of Greek territory 
Greece presents complex horizontal and vertical partitioning. The total area has an extent of 131.957 km2 and 
divided into continental (82%) and island (18%). In order to evaluate the torrential problem of Greece, it is 
necessary to examine the four basic factors of torrentiality which are the relief, the climate, the geology and 
vegetation. The 65.42% of the surface has an elevation more than 200m so present a mountainous character. The 
next 34.58% is entirely flat. Generally, dominate the hilly and semi-mountainous areas. Greece displays a 
mountainous character, which forms from moderate elevations. As for the climate, Greece has a typical 
Mediterranean climate with intense rainfall through autumn, winter and spring and droughts and high temperatures 
at summer. The mean annual precipitations are not considered insignificant. Moreover at Northern Greece a great 
amount of precipitation falls as snow. The majority of the areas (50.58%) receive mean annual rainfall between 601-
1000 mm and following areas with mean annual rainfalls between 1001-1400 mm (22.32%).  
Greece as is it is mentioned is characterized by intensive torrential factors (relief, climate, geology). This, 
combined with the lack of appropriate protective green infrastructure, particularly forest (forestation rate only 
reaches 19%) and the intense destruction of the natural environment from human factors, has as result numerous 
large and destructive torrential streams, which erode and flushed the Greek territory (Stergiadou at all, 2002). The 
restoration of natural green infrastructure, which is disturbed or destroyed, especially in the mountainous areas of 
Greece is a prerequisite and precursor act for regulating the diet of waterways, the safe downstream drainage and 
their proper usage of water both for drinking and irrigation proposes as well as for storing on surface or underground 
(artificial recharge of groundwater aquifers). 
The special conditions of the natural environment and especially the natural protective green structure require the 
imposition of important actions. Greece is a mountainous country with diverse climate, with sudden changes in the 
density of vegetation, with sharp relief and a variety of geological formations and shows large variations in the 
intensity of the stream environment (Andreopoulou et al., 2007). Thus the various torrents phenomena make their 
appearance quite often, especially in the area of Pindos and its extensions (Peloponnese, Crete) due to the special 
geological, morphological and hydrological conditions. Greece because of its physical geography is characterized by 
strong spatial variability of the annual amount of precipitation. In particular, the western part of the country, from 
west to Pindos mountains and the mountains of central Peloponnese, characterized by large annual precipitation 
heights, while the eastern part shows a significantly smaller volume of incoming precipitation. Still, their 
distribution throughout the year is very uneven, with the summer to be a very dry period in contrast to the fall and 
winter with the large percentage of annual precipitation.  
For these reasons the majority of the streams in Greek area (torrents, torrent rivers, rivers) present high water 
discharges with strong annual variability, while in summer period have low to zero discharges, depending on the 
size of their hydrological basin (Andreopoulou et al., 2005). In addition, it should be mentioned that the majority of 
the population is concentrated in the eastern part of the country, which receives less precipitation volume. These 
facts proves the complexity of the optimum utilization of water resources in the country, and that the problem is 
exacerbated in the summer due to the increased demand for water for the agricultural and tourism needs. Another 
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characteristic of waterways, particularly streams and torrent rivers is the appearance of sudden flood phenomena 
(flash floods) of surface water after rain with high rates, which have devastating consequences both in mountain 
catchments, and in urban places.  Additionally, the lack of adequate forest cover in the upland basins, combined with 
high slope relief and susceptible geological formations, have as a result the continued deterioration of mountain 
watersheds. Moreover, erosions (surface, grooved, corrosion etc.), landslides phenomena and the disintegration of 
terrain are presented. By the above analysis, is highlighted the importance of implementing river restoration 
projects, especially in the mountain watersheds. 
3. Study and design procedures 
Studying torrential problems in Greece starts with the identification of the morphometric and hydrographic 
characteristics of streams. Then, the analysis of these characteristics, using knowledge about similar cases in 
torrential streams is performed. Because all torrential and hydrological function and behaviour of streams depends 
largely on the morphometric and hydrographic characteristics of the watershed, the knowledge of these factors is 
fundamental for any restoration design. Particularly surveys and studies related to hydrological and hydraulic 
conditions impose the correct evaluation and interpretation of the necessary, in each case morphometric and 
hydrographic data. The above elements contribute to the knowledge of hydrological and hydraulic behaviour of the 
torrents, helping in this way, for a rational solution to the above problems. The principles of river restoration 
techniques and design hydronomic structures in mountainous areas are based on modern hydrological, hydraulic 
and, management principles (Kotoulas 2001, Pavlidis 2006). Three are the main principles, the Protective principle 
(settlement of principle protecting), the Hydrological principle (settlement of hydrological restoration) and the 
Environmental rehabilitation and sustainable management and exploitation principle. These principles are analysed 
below:  
 Protective principle involves approaches for a broader protection of river and riverbeds of the torrents. Therefore 
aims not only to prevent the production and control of the movement of sediments but also to prevent flooding, 
to stabilize soil and to protect and maintain the discharge capacity and the deposits capacity of the streams. 
 Hydrological principle is depending on achieving the desired in space and time water diet in the basin and the 
riverbed. This principle seeks the rational redistribution of water bodies for reducing flooding phenomena and 
increasing the average of the low discharges of the streams. Basic and equally important objective, through the 
redistributive design of surface water, is the improvement of the recharge conditions of groundwater resources. 
 Environmental rehabilitation and sustainable management and exploitation principle, is the latest evolution of 
restoration techniques. This principle expresses the last and highest stage in restoration design methodologies 
and involves the previous two principles. This principle usages flood phenomena for researching the degraded 
terrains and environments.  
Based on the above analysis, there are the main restoration systems, which are applied in Greek territory. Several 
projects and structures, have been established, helping in creating restoration philosophy and design procedures, 
focusing on the local conditions of each area. According to the principles of mountain hydronomy and river 
restoration the following systems are (Kotoulas 2001b, Pavlidis, 2007, Pavlidis 2012):  
 The Classic forest restoration techniques system. This system is widely applied even today, mainly aimed at 
achieving the objectives of protective principle. This system is used for the prevention and control of stream 
sediments (stabilization of sediment production areas, control, sorting debris flows, etc) and for increasing the 
quality and the quantity of the protective forest vegetation, with the creation of stable to flood riverbeds. One of 
the main characteristics of forest restoration techniques is the relative dominance of horticultural, and 
agrotechnical works on technical and concrete works. The structures of the system have mainly protective 
character.  
 The Torrential restoration system. This system in very important in countries with droughts, like Greece, and is 
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based mainly on a set of actions and procedures that aim to: a) settlement of the hydrological basin, b) control 
the diet of water and torrent sediments and c) use non-beneficially for nature and humans water recourses, 
focusing on the usage of the flooding in surface water in the torrent hydrological basin. Moreover promote and 
utilize portions of the torrent area especially the riverbed for the usage of torrent sediments. In this system the 
dominant structures against horticultural, agrotechnical works are technical and concrete structures. 
 The Integrated restoration system. This system is used for the improvement of the torrential conditions and  for 
the adjustment of the torrential benefits (environmental, socio-economic, etc.) in a continuously improved 
torrential environment. In this system, depending on the local conditions of the study area, restoration projects 
are dominated with horticultural, agrotechnical works or with technical concrete structures (Pavlidis 2006). 
4. Hydronomic works and environmental conditions  
The torrential restoration structures are projects for the protection and the stabilization of the terrain against any 
kind of corrosion, erosion, slides and generally causes who can upset the stability of  the agricultural and not only 
land. Also they have a strong naturally environmental character due to the protection of flora and fauna in torrent 
areas. For this reason, the hydronomic, or mountain river restoration projects have been identified by the EU and the 
Greek state, as environmental projects. In addition several significant and additional environmental benefits are 
occurred by the presence of these structures. These benefits included (Bakatselou, 2013, Pavlidis, V., 2012):  
 The self-cleaning ability of water in torrents. Water in streams and torrents, due to strong bottom relief has 
extremely high velocities. In addition water movement is occurred in extremely rugged riverbeds. Thus, water in 
torrents has high oxygen concentrations and as a result has better quality characteristics than water in rivers or in 
lakes. The highly oxygenated water of torrent environments incoming to polluted wetland ecosystems contribute 
significantly to the health and environmental conditions of wetlands.  
 The flood control (Varras, et. al., 2013). This can occur by retaining the flood runoff, forming and changing the 
hydrological balance of the study area. The retained water can used in areas were a deficient hydrological 
balance in presented. The environmental value of the above function is very important, since the damaging and 
even harmless floods, without special environmental value, are converted to an environmental tool. The 
existence or the augmentation of summer water discharges in torrents beyond the obvious aesthetic and 
environmental values is very important for the growth of flora and fauna mainly in summer.  
 By controlling the winter and summer water supply in torrents, restoration works stabilize the functionality and 
the hydrological and hydraulic conditions of mountain areas. In addition, these changes of hydrological balance 
can help to recharge the deficient water resources in areas, especially these who are lower from the torrent 
exodus. Across the globe and especially in Mediterranean countries, with the irregular spatial and temporal 
distribution of rainfall and the reduced summer rainfalls, many aquifers have dramatically demoted and 
degraded, or infected. The only answer to this huge problem is the design of proper torrent restoration projects 
that can enrich groundwater, protecting the water balance of the area.  
 Hydronomic works and structures in torrent environments provide exceptional service to the environment and 
humans. The most suburban forests have been converted into recreational environmental oases that protect from 
flood phenomena. Forest of Seicx- Sou  and suburban forests of Ioannina, Patras, etc. beyond the elapsed 
hydrological and hydraulic protection, and recreation areas, are the main lungs of these cities.  
5. The torrential system of Aeropotamos 
Following, a project of studying and design a restoration project in Greece, focusing not only to the hydrological 
and hydrodynamic behaviour of the restored system but also to the environmental interaction with the human and 
environmental conditions fo the study area is presented. The study torrent was Aeropotamos torrent in Prefecture 
Central Macedonia, Municipality of Chalkidiki, Greece. 
The Aeropotamos torrent is one of the most active torrents of Mountain Athos and has strong torrential and flood 
activity, culminating the flood that happened in 1998 (Fig. 1). Addressing flood phenomena and corrosion and 
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erosion problems of Aeropotamos torrent a detailed restoration and protection project was study and designed 
(Greek Forests SA, 2000). The proposed projects were designed to be compatible with the natural environment of 
Mountain Athos and the character of the building complex of the Monastery of St. Dionysius, Mountain Athos.  
The peninsula of Athos (Holy Mountain) is one of the three peninsulas of Halkidiki, which differs from the 
peninsulas of Kassandra and Sithonia, the presence of Antiatho (height 1156m) and Athos (height 2111m) and 
strong narrowness of its shape. The rugged terrain, the strong inclination, the dense forest vegetation and the crowd 
standing mircotorrents contributed to the selection as the centre of Orthodox Monastic State. Mountain Athos was 
adorned with unsurpassed beauty Monasteries and Cloisters Cells which improve the aesthetics of the natural 
invironment. The Holy Mountain is traversed by 53 small and very small streams (Pavlidis. 2000) foaming waters, 
harmoniously integrating the water resources in the area. The torrents of Mountain Athos despite the strong 
protective vegetation cover, and the sturdy and solid in general the geological formations, have a significant 
torrential potential because of the heavy rainfall, and the strong inclination of the relief.  
 
Fig. 1. Flood, flash flood and corrosion - erosion phenomena in Aeropotamos torrent (date: 1998)  
 For this reason, in streams of Mountain Athos are often presented flood phenomena, particularly in streams with 
scarce vegetation, or vegetation that has recently burned. The torrent of Aeropotamos Monastery St. Dionysius of 
Mountain Athos is a typical torrent of Mountain Athos with strong flood risk, as shown by Fig. 1 from the flood of 
1998. The survey was conducted in the mountainous hydrological basin of Aeropotamos torrent in St. Dionysius of 
Mountain Athos. Restoration works, flood control structures, works for stabilization of the riverbed, retention of the 
moving sediment and protection of the buildings of the monastery were studied, were design and finally were 
constructed. The research method and the necessary data which were calculated and evaluated for the study were:  
 From the topography map sheet G.Y.S. "Mount Athos", scale 1: 50,000 and the corresponding geological map of 
IGME and from restoration, and environmental studies were calculated the morphometric, climatic, 
hydrological, geological data of Aeropotamos torrent (Table 1).  
 The conditions of vegetation were produced from forestry and forest maps (aerial orthophoto maps, vegetation, 
etc.), and from forestry management of forestry studies and fieldwork (Table 2).  
 Field work, in which evaluated and recorded the characteristics of the natural environment of Mountain Athos 
and the Monastery complex St. Dionysius, the architectural and aesthetic elements, the flood operations and 
characteristics for providing flood protection and fully aesthetic adaption to its surroundings. 
Table. 1. Morphometric, hydrographic and terrain characteristics of the torrent Aeropotamos 
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Factor units value 
Area of basin   F          Km2 2,9121 
Maximum altitude Hmax            m 1038 
Mean altitude Hm          m 561 
Length of central bed Lκ                         Km 2,709 
Density of hydrographic network  (D=SL/F)           Km/Km2 3,08 
Mean slope of central bed J Lκ                   (%) 0.11 
Mean slope of basin JF=(Hd*ΣS*100)/F  (%) 41,44 
Maximum altitude difference ΔHmax=Hmax-Hmin    m 1038 
Gravelius index KF=Π/ΠF=0,282Π/ F - 1,137 
 
Table. 2. Geological, meteorological and vegetation conditions, in Aeropotamos torrent  
Ι: Geological formations (in stemmas) 
Torrent 
Plutonites  
Μ 
Schist  
G 
Limestone 
 K 
Flysch 
 F 
Neogene  dep. 
 S 
SUM 
Aeropotamos 1455,50 1331,20 100,30 4,00 21,1 2912,2 
ΙΙ: Meteorological conditions 
Mean middle rain rate (mm) 
Torrent J F M Α Μ J J Α S Ο Ν D Year 
Aeropotamos 60,0 61,6 72,3 76,8 63,5 50,2 50,6 36,8 41,1 81,3 99,0 102,5 796,1 
Mean middle temperature of the air (0C) adjusted to torrent height   
Torrent Ι Φ Μ Α Μ Ι Ι Α Σ Ο Ν Δ 
Aeropotamos 3,4 4,1 7,1 11,3 15,8 20,5 22,4 21,9 18,6 13,2 8,0 4,7 
II. Vegetation conditions(in stemmas)  
Torrent Solid Forests Sparse forests Dense range lands 
Sparse grazing 
lands 
Agricultural 
lands 
Naked, Rocky 
lands SUM 
Aeropotamos 957 436 429 202 30 858 2912 
 
In Table 3 the hydrological parameters (maximum water discharge, sediment, and total discharge) of 
Aeropotamos torrent are presented.  
Table. 3. Maximum of water , sediment, total discharge of Aeropotamos torrent 
Torrent Area of basin  
  F          
(Km2) 
Maximum water 
discharge, 
 (maxQ100)(m3/s) 
Maximum sediment 
discharge 
 (maxG100) (m3/s) 
Maximum water and  sediment 
discharge 
(maxG100) (m3/s) 
Aeropotamos 2,9121 16,62 3,47 20,09 
 
In lowland flooded riverbed of Aeropotamos torrent a series of small dams (Thresholds, shingles), slope 
reinforcement works and two specific type and configuration architecture works were constructed (Fig 2). The one 
structure used for the retention of sediments, which were the main cause of the Aeropotamos flood torrent (Fig. 3). 
The second structure involved the extension of the river in the east seaport (Fig. 4). Alongside riparian protection 
and restoration structures in the near region were constructed. Generally the successful restoration of Aeropotamos 
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torrent, taking into account the hydrological and torrential requirements of project and the human and natural 
environment conditions of the area, led to the above harmonized solution. 
The general characteristic of the restoration project in Aeropotamos torrent was that no massive flood structures 
were placed in the area. The zero level gratings belts and very small dams (height <1,00m) were fully incorporated 
as elements of the riverbed. The slope protection walls were designed not to protrude of the ground. The flood 
control works and the stability walls were constructed with local materials which made of the monastery, or coated 
with a built masonry (Fig. 5). The bottoms of the riverbed due to extremely powerful hydraulic pressures were 
concreted, aimed with natural stones incorporated with the concrete bottom.  
For the specific part of diversion and retention of the sediments the structure consists of a parallel to the western 
slope of the torrent wall which creates external of the riverbed an important repository of debris and diverting the 
moving sediments of the torrent in the repository. There, the sediments and only these how can move by air recur in 
the riverbed of the torrent. When benching of the repository area exceed to 60% of the initial empty space, entering 
in the area trucks and pick up the deposited debris sediments, allowing the space to accommodate new debris. The 
different water heads from the successive openings of recurrent flooding of the water in riverbed create an excellent 
aesthetic result (Fig. 3). The coronation of the outflow openings and rebound of water formed consistently with the 
architecture of the tower of the monastery. 
The special structure for the extension of the torrent to the sea in the final part of the torrent, just before the 
arrival of the local harbor, was created concrete walls. Then the bottom of the riverbed elevated at 0,80m and 
extrapolated out of the harbour into the sea. In order to exclude the flood waters of torrent to be extended in the sea, 
in this part of the harbor was raised. 
 
 
 
Fig. 2. Horizontal and vertical view of construction works of Aeropotamos torrent  
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Fig. 3. Views of region of sediments of Aeropotamos torrent and the design procedure that was selected, fully adapted to the aesthetic elements of 
the tower of the Monastery 
           a             b 
  
 
            c 
 
Fig. 4. (a) View of the sediment transport of the torrent in the small harbor of Monastery of St. Dionysius before the construction of the works; 
(b) the situation after the construction of a specific project extending the bed of the river in the sea east of the harbor; (c) work in full operation 
transferring debris flows away and outside the area of the port. 
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Fig. 5. Overall view of the restoration works in Aeropotamos torrent and views of flood protection works during flood. 
6. Conclusions 
In this paper is showed that in torrent areas restoration actions can apply, which can improve the conditions of the 
human and natural environment. In Greece, in river restoration projects the main design procedures that are used 
includes, horticultural, and agrotechnical works, technical and concrete structures. These actions, improve the 
natural environmental conditions of torrent systems, are environmentally beneficial to the study areas, contributing 
to the development of local areas and communities. In order to protect from flood and erosion phenomena, torrent 
restoration works have the following as results: 
 Avoid the occurrence of erosion and flood phenomena, with slope protection and protection of the coverage of 
the riverbed or a significant part of it with natural material, increasing the roughness and the subsequent oxygen 
of running water.  
 The environmental upgrade from implemented projects with complete or significant use of natural construction 
materials, such as stone, soil and planting.  
 This integration in the natural environment (both for land and water) provide a new quality and environmental 
dimension and makes this perspective more environmentally desirably. 
Generally in Greece the study and the construction of anti-erosion and flood control works considered necessary 
for the stabilization of soils and the prevention against floods and disasters at the infrastructures in the plain areas. If 
the implementation of these works takes place, erosion of the variable soils will be avoided and human and natural 
environmental regeneration will be assisted.  
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